Historic, archived document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


- OFFICE OF PUBLIC ROADS BULLETIN No. 44. 


LOGAN WALLER PAGE, DrREcToR. 


THE PHYSICAL TESTING OF ROCK 
FOR ROAD BUILDING, 


ies INCLUDING THE METHODS USED eG 
me AND THE RESUETSYOBTAINED * 0 


Q BY 
an . ALBERT T. GOLDBECK, 
a me Testing Engineer, Office of Public Roads, 
| AND 


FRANK H. JACKSON, Jr., 
Assistant, Office of Public Roads. 


7 
es 

ie =! 

: SoS Sm 

a 

“= 
WASHINGTON: 
GOVERNMENT PRINTING OFFIOE. 


1912, 


OFFICE OF PUBLIC ROADS. 


Logan WALLER PAGE, Director. 


Paut D. Sarcent, Assistant Director. 

VERNON M. Perrce, Chief Engineer. 

L. J. Hewes, Chief of Economics and Maintenance. 

ALBERT T. GoLpBECK, Testing Engineer. 

-CHARLES §. REEVE, Assistant Chemist. 

E. W. James, Chief Inspector. 

M. O. Exvprince, Assistant Chief of Economics and Maintenance. 
Epwin C. E. Lorp, Petrographer. 
WituraM W., Snirrin, Editorial Clerk and Librarian. 

W. Cart Wyatt, Chief Clerk. 


DDITIONAL COPIES of this. publication 
may be procured from the SUPERINTEND- 
ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C.,at 15 cents per copy 


Oe 


Issued June 10, 1912. 


U. S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF PUBLIC ROADS—BULLETIN No. 44. 


LOGAN WALLER PAGE, DrREcTor. 


THE PHYSICAL TESTING OF ROCK 
FOR ROAD BUILDING, 


INCLUDING THE METHODS USED 
AND THE RESULTS OBTAINED 


BY 


ALBERT T. GOLDBECK, 
Testing Engineer, Office of Public Roads, 


AND 


FRANK H. JACKSON, Jr., 
Assistant, Office of Public Roads. 


WASHINGTON: 
GOVERNMENT PRINTING OFFICE. i 


1912. 


LETTER OF TRANSMITTAL. 
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Washington, D. C., January 15, 1912. 

Str: I have the honor to transmit herewith the manuscript of a 
bulletin entitled ‘‘The Physical Properties of Rocks for Road Build- 
ing, Including the Methods Used and the Results Obtained,” by 
Mr. Albert T. Goldbeck, the testing engineer of this office, and Mr. 
Frank H. Jackson, jr., an assistant in the testing laboratory of this 
office. This bulletin is partly a revision of Bulletin 79 of the Bureau 
of Chemistry. It embodies the results of all tests conducted in the 
Office of Public Roads since the date of its establishment, and in the 
Massachusetts Highway Commission Laboratory at Harvard Uni- 
versity previous to 1900. As Chemistry Bulletin 79 has long been 
out of date and out of print, and as there is a great demand for 
accurate information of this description, I feel that the publication 
of this bulletin is highly desirable. I therefore respectfully recom- 
mend that it be issued as Bulletin 44 of this office. 

Respectfully, Locan WALLER Pace, 
Director. 
Hon. James WILSON, 
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THE PHYSICAL TESTING OF ROCK FOR ROAD BUILDING, 
| AeA Pa MERHODS = USED SANDY THE KESULTS 


INTRODUCTION. 


The study of the physical and chemical properties of road materials by 
means of laboratory tests has been carried onin amore or less desultory 
fashion for over 30 years. Quite recently, however, the development 
of more systematic and greatly improved methods for testing, with a 
consequent augmented accumulation of data, has given the results 
obtained a much more practical significance than in former years. 

The first systematic attempt to determine the relative value of 
rock for road-building purposes, by means of laboratory tests, seems 
to have been made in France, when, in 1878, a road material labora- 
tory was founded in the School of Bridges and Roads. It was here 
that was adopted the Deval abrasion test for rock, now with slight 
modifications standard throughout the United States. This test is 
named from its inventor and was first used in connection with con- 
tract work in the city of Paris. Many valuable data were also col- 
lected in this laboratory on the hardness and toughness of rock, and 
tests for these qualities were developed which are the same in principle 
as those in use to-day. 

Outside of France very little work was done in road-material test- 
ing in either Europe or America until 1893, when the Massachusetts 
Highway Commission established a laboratory for testing road 
materials in the Lawrence Scientific School of Harvard University, 
under the direction of Mr. Logan Waller Page. The Deval abrasion 
test was adopted and a test for the binding power of rock dust was 
devised by Mr. Page in this laboratory. 

In December, 1900, the United States Government, because of the 
growing importance of the problem of testing road materials, estab- 
lished a laboratory in the Bureau of Chemistry of the Department 
of Agriculture, under the direction of Mr. Page. This laboratory was 
transferred in 1905 to the Office of Public Roads, where its present 
organization was developed. 7 

The present general interest in the necessity for good road con- 
struction has resulted, quite recently, in the establishment of labor- 
atories in many technical institutions, both in this country and 
abroad, as well as in the various State highway commissions. 

The fact that a large number of samples are submitted for investi- 
gation and reported on annually by these laboratories is good evi- 
dence of the value of the information received by the road engineer 
through the agency of laboratory tests on the relative worth of the 
materials which he proposes to use in road construction, and it is the 
object of this bulletin to describe these tests as now practiced and to 
interpret their results. 
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6 PHYSICAL TESTING OF ROCK FOR ROAD BUILDING. 
AGENCIES DESTRUCTIVE OF ROADS. 


The surface of a road is subject to deterioration due to the effects 
of (a) mechanical, (6) chemical, and (c) physical agencies whose dis- 
integrating action may be more or less combated by proper con- 
struction and maintenance with carefully selected materials. The 
individual stones in a macadam road are bound together by finer 
particles and rock powder, and the ideal condition is that in which 
there is always just enough dust existing to cement these stones 
together tightly. 

(a) Mechanical agencies.—The action of traffic on a road surface is 
purely mechanical. The severe impact of horses’ feet tends to dis- 
turb the individual stones by loosening the binding material. At 
the same time the stones are subjected to an abrasive action which 
orinds away their surfaces. The fine material thus created is partly 
carried away by the wind and partly washed away by the rain, while 
part is retained on the road under favorable conditions to form new 
cementing or binding material. Should there be more fine material 
formed by abrasion than is carried away by the wind and rain, the 
road becomes dusty and muddy; whereas if too little fine material 
is formed to cement the particles of rock together, the road disinte- 
erates because of raveling. 

Automobile traffic exerts a severe shearing action on the road 
surface which loosens the individual stones, but fails to supply, by 
abrasion, enough additional fine material to compensate for that 
lost in the clouds of dust raised by this class of traffic. As a conse- 
quence, plain macadam construction ravels when subjected to con- 
siderable fast moving automobile traffic. 

(b) Chemical agencies.i—Since all rain and surface water contains 
carbonic acid in amount sufficient to dissolve carbonates of lime 
and iron, there is some disintegration from this source. The humus 
acid derived from animal and vegetable decay likewise renders 
soluble certain of the rock-forming materials containing magnesia, 
potash, soda, lime, iron, and silica. However, investigations have 
shown the deterioration of road surfaces from this source to be 
negligible. 

(c) Physical agencies.—Although it is probable that rock used in 
road making is very little affected by the action of frost, the action 
of repeated freezing and thawing on the body of the road is consider- 
able. This is particularly true in the event of poor drainage, because 
the absorptive power of the roadbed is in general quite high, even 
though the absorption of the rocks used is low. The materials 
loosened up by the heaving action of the frost are carried away, to 
the detriment of the road, by the mechanical action of wind and rain. 


1 Logan Waller Page in Report of Mass. Highway Commission, 1900. 
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NECESSARY PHYSICAL AND MECHANICAL QUALITIES OF ROAD 
MATERIALS. 


The action of mechanical agents is by far more severe in causing 
the destruction of a road than either chemical or physical agents, 
and the ability of a rock to withstand mechanical destruction is of 
great influence in judging its value as a road-making material. 

A road-building rock must have three very essential characteristics, 
a. €., it must be (a) hard and (6) tough, and (c) it must have good 
cementing or binding power. 

(a) By the hardness of a road material is meant its ability to 
resist the abrasive action of traffic in causing displacement of the 
surface particles by friction. 

(b) The toughness of a rock is a measure of its ability to resist 
rupture due to the impact of traffic. 

(c) The cementing or binding power of a rock determines how 
firmly the individual stones will be cemented together by the rock 
powder formed through the action of traffic. 


PHYSICAL TESTS OF ROAD MATERIALS. 


To determine the above three characteristics essential for a good 
road material, as well as to investigate other minor physical features, 
the following tests are made at this office: (1) Hardness; (2) tough- 
ness; (3) resistance to wear; (4) cementing value; (5) specific gravity; 
and (6) absorption. 

HARDNESS TEST. 

The test for the hardness of rock, 1. e., the resistance of its surface 
particles to displacement by abrasion, as determined in the Dorry. 
machine, was developed in the French School of Bridges and Roads . 
and is used with slight modifications at the present day. 


DORRY MACHINE. 


The Dorry machine (see figs. 1 and 2) consists of a circular steel 
disk A, revolving in a horizontal plane about the vertical shaft B, 
which is driven from the pulley C by means of the bevel gear D. 
The cylindrical rock core E, 25 mm. in diameter, is cut from a speci- 
men of rock with a diamond core drill, and the test piece is held 
perpendicularly against a revolving cast-steel disk under a constant 
pressure of 1,250 grams, while standard quartz sand, between 30 and 
40 mesh, is fed on the disk to act as the abrasive agent. The machine 
used is arranged to hold two core pieces so that two tests can be run 
simultaneously. At the end of 1,000 revolutions the loss in weight 
is determined and the test repeated with the specimen reversed. 
The average loss in weight computed from the two runs is used in 
determining the hardness of the rock. In the earlier work the loss 
in length was determined from measurements taken before and after 
each run, and the average loss expressed in millimeters per 1,000 
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revolutions subtracted from 20 was given as representing the hard- 
ness of the specimen. The arbitrary constant 20 was selected with 
a view to giving the results of this test about the same range of varia- 
tion as the French coefficient of wear described later under the abra- 
sion test. It has been found, however, that the hardest rocks lose 
only about 2 mm. per 1,000 revolutions, while some of the softer varie- 


Fig. 1.—Dorry hardness machine. 


ties lose considerably more than 20 mm., thus giving rise to negative 
values in the results of the test. In order to avoid this, the following 
method of expressing the hardness has been adopted: 
Hardness = H = 20—4 W, 
where W=loss in grams per 1,000 revolutions. 
The results of numerous tests which have been made with the 
above machine are given in Table 3. 
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TOUGHNESS TEST. 


As applied to road materials, toughness is understood to mean 
ability to resist fracture due to impact. To be resistant to the severe 
pounding action of traffic on the roadway, road material, it will be 
recognized, should possess the quality of toughness to a high degree. 
The method of testing the toughness of rock, as used in its present 
form, was developed by Logan W. Page. 
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Fic. 2.—Details of Dorry hardness machine. 
PAGE IMPACT MACHINE. 


The Page impact machine (see figs. 3 and 4) consists of a 2-kilogram 
hammer N, which is guided by two vertical rods J. The upper end 
of the hammer has’ a small cone set in it, which fits snugly into a 
concentric electromagnet, and this is attached to the lower side of a 
crosshead M, which slides freely on the guide rods J. This crosshead 
is provided with a slot on its rear side through which a sprocket 
chain S passes, and this sprocket chain is supported on the sprocket 
wheels, which are attached to castings at the top I and near the base 
H of the machine. The lower sprocket wheel is directly connected by 
a worm gear to an electric motor G. The sprocket chain is pro- 
vided with two small lugs X, which, when the chain is being driven 
by the motor, engage a spring bolt attachment which projects inward 
on either side of the slot on the crosshead M. This raises the cross- 
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head until tripped by a rod projecting downward from an upper cross- 
head L. When this takes place, the crosshead M, which holds the 
electromagnet, falls until it comes in contact with the hammer N. 
Theelectromagnet is supplied with current from the circuit running the 
motor. This current is conveyed through two small conducting rods 
running parallel to the guide rods, both of which are insulated from 
the rest of the machine. The current passes from one of these con- 
ductor rods through a small carbon brush to a make and break 
attachment on the upper crosshead L, 
thence down one of the guide rods, 
through the electromagnet, and back to 
the other conductor rod. 

When the crosshead M is raised by the 
lugs on the sprocket chain and the cur- 
rent turned on the magnet, the hammer 
is lifted until the crosshead M comes in 
contact with the make and break on the 
crosshead L, and thus releases the ham- 
mer, which falls, striking a plunger O. 
This plunger is made of armor-piercing 
steel, with the maximum temper at its 
lower end, which is spherical in shape. 
The test piece rests on a counter anvil W 
of hard steel, while the plunger rests on 
its upper surface, which is tangent to it 
at its center point. 

It will be observed that the blow as 
delivered through a spherical-end plunger 
approximates as nearly as practicable the 
blows of traffic. Besides this, it has the 
further advantage of not requiring great 
exactness in getting the two bearing sur- 
faces of the test piece parallel, as the 
entire load is applied at one point of the 
upper surface. | 

The upper crosshead Lis raised through 
any desired height by means of the long, 
revolving screw K, which is geared at its 
Fig. 3.—Page impact testing machine. ower end to a dial Q, on which the height 
of the make and break attachment and therefore the height of the 
hammer drop may be read directly. By means of the revolving dial 
and screw the height of the crosshead may be adjusted, by very 
close approximation, to within one millimeter. 

In order to prevent the crosshead M, which holds the electromagnet, 
from striking too hard a blow on the hammer when falling, a dashpot 
was first used, but it has been found that a few drops of cylinder oil 
on the lower end of the guide rods completely eliminated this difficulty. 
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The test consists of a 1-centimeter fall of the hammer for the first 
blow, and an increased fall of 1 centimeter for each succeeding blow, 
until failure of the test piece occurs. The number of blows required 
to cause failure is used to represent the toughness. 

The impact test was adopted by the American Society for Testing 
Materials on August 15, 1908. 


CORE DRILL. 
(For preparing rock core.) 

Specimens for the hardness and toughness test are prepared by 
drilling a core from the sample of each to be tested. The core drill 
shown in figure 6 
consists of a steel 
core tube A, carrying 
at its lower end the 
brass ring B, con- 
taining eight carbon 
points, spaced as 
shown, to cut a rock 
core 25 millimeters 
in diameter. The 
core tube is con- 
nected at the upper 
end with the brass 
casing DE through 
which _ passes the 
lower part of the 
shank C. 

The water-supply 
tube F is connected 
directly to the sta- 
tionary brass ring G, 
which has a semi- 
circular section cut 
in its inner side to fit 
a similar section in 
the casing D, form- 
ing a circular hollow 
tube, one half of 
which is stationary 
and the other half movable with the drill. Four small holes I, jom- 
ing the vertical tube J, connect the ring with the imside of the core 
tube A, and the whole forms an arrangement for carrying water from 
the supply tube F to the inside of the revolving drill. 


Fig. 5,—Method of drilling core from rock sample with diamond core drill. 


DIAMOND SAW. 


For sawing the cores to the proper length in the preparation of 
specimens, a diamond saw is used (see fig. 8). It consists of a steel 
disk, about 5 inches in diameter by 0.02 of an inch thick, around the 
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Fig. 7.—Grinding lap and diamond saw. 
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circumference of which diamond dust is held in radial slots. This 
saw is driven by a small electric motor at a speed of 600 revolutions 
per minute. 
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Fig. 9.—Details of grinding lap. 
GRINDING LAP. , 
In the preparation of thefaces of hardness and toughness specimens, 2 
grinding lap, 9 inches in diameter, driven at 400 revolutions per minute, 
is used. The abrasive agent is finely powdered emory. (See fig. 9.) 
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ABRASION TEST. 


The abrasion test, as performed in the Deval abrasion machine, 
tests the hardness as well as the toughness of rock, and much valu- 
able information has been obtained on the wearing qualities of rock 
since this test was originated in the French School of Bridges — 
and Roads. 

ABRASION MACHINE (DEVAL TYPE). 

The Deval machine (see fig. 11) consists essentially of the pulley A 

(or worm gear and motor, direct connected, as used at present) driving 


the shaft BB, upon which are mounted the four cast-iron cylinders CCCC 


in such a way that the axes of the cylinders are inclined at an angle 
of 30° with the axis of rotation. These cylinders are 20 centimeters 
in diameter and 34 centimeters in depth inside. The shaft is set in 
the three bearings DDD and carries at E a commutator ring for 
operating an electrical revolution counter, which is not shown. The 
method of fastening the cylinders to the turning frame is shown at B’ 
(see fig. 12). 


Fig. 10.—Abrasion machine of Massachusetts Highway Commission. 


The rock is broken in pieces, as nearly uniform in size as possible, 
and as nearly 50 pieces as possible constitute a test sample. The 
total weight of rock in a test is within 10 grams of 5 kilograms. 
All test pieces are thoroughly dried before weighing. Ten thousand 
revolutions, at the rate of between 30 and 33 to the minute, consti- 
tute a test. Only the percentage of material worn off which will 
pass through a 0.16-centimeter (45-inch) mesh sieve is considered 
in determining the amount of wear. The amount of wear is expressed 
either in the per cent of the 5 kilograms used in the test, or else the 
French coefficient, which is in more general use, is given, viz: 

20 400 _ 4() 

WW per cent of wear. 

Here W is the weight in grams of the detritus under 0.16 centimeter 
(45 inch) in size per kilogram of rock used. 

In this test the sample is thrown the length of the cylinder twice 
at each revolution, so that the individual stones grind against each 
other, as well as against the sides of the cylinders. The rocks are 
likewise somewhat broken by the impact, so that the abrasion test 
may be considered as one not only for hardness, but also for toughness. 


The coefficient of wear =20: 
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CEMENTING VALUE. 


The binding power or cementing 
value of a road material is the 
property possessed by rock dust or 
other finely divided material to 
act as a cement on the coarser frag- 
ments composing crushed stone 
or gravel roads.1 ‘“‘This property 
varies enormously ,not only with dif- 
ferent kinds of rocks, but also with 
those which are practically iden- 
tical in classification and chemical 
composition. The absence of ce- 
menting power is so pronounced in 
some varieties of rock that they 
can never be made to compact 
with the road roller or under traffic. 
As the binder surface of a macadam 
or gravel road is most exposed to 
the action of wind and rain as well 
as the wear and tear of traffic, it 
can be seen that the presence of 
this property is most essential to 
good results. Further than this, 
the hardness and toughness of the 
binder surface, more than of the 
rock itself, constitute the hardness 
and toughness of the road, for if 
a load be sufficient to destroy the 
bond of cementation of the upper 
surface of the road, the stones be- 
low are soon loosened and forced 
out of place. Theimpervious shell 
obtained by the use of a rock of high 
cementing value gives the greatest 
protection to the foundation of a 
road. Moreover, it is a matter of 
common observation that a good 
surface which binds well is less 


dusty and less muddy, while the 


advantage from the standpoint of 
economy is very great, as it is only 
the loose, unbound material which 
is ordinarily carried away by wind 
and water.” | 
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Investigations in the U. S. Bureau of Chemistry indicate that the 
cementing value depends on certain hydrated colloid conditions of the . 
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ENOVIEW OF CYLINDER WITH Hox ERS 8.’ 
Fig. 12.—Details of abrasion machine. 
particles.". “All rock powders that cement well are hydrated, 7%. e., _ 
contain water of combination, although it does not follow that all _ 


1 U.S. Department of Agriculture, Bureau of Chemistry, Bulletin 79. | 
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hydrated rock powders will cement. It seems that only a certain 
kind of water of combination is concerned with and measures the 
cementing value. This property is undoubtedly related to that of 
plasticity in clays and, in a few words, is due to the amorphous inor- 
ganic particles, which by reason of their characteristic porous struc- 
ture are able to absorb and hold water, thereupon assuming a plastic 
and coherent condition.”’ 
BALL MILL. 


The following method for testing the cementing value of rock pow- 
ders was devised and perfected by Mr. Logan Waller Page. One-half 


Fic. 13.—Ball mill, Office of Public Roads. 


kilogram of the rock to be tested is broken sufficiently small to pass 
a half-inch mesh screen. This material is placed in a ball mill with 
about 90 cc. of water sufficient to make a stiff paste after grinding. 
The mill, shown in figures 13 and 14, consists of a cast-iron casing 
A-B split into two unequal segments A and B. It revolves in a ver- 
tical plane about the shaft CC, which bears in the pillow blocks DD 
and is driven from the pulley E. The materialis ground by the action 
of two cast-steel shot, 24 inches in diameter and weighing about 20 
pounds. Grinding is continued for 23 hours at the rate of 2,000 revo- 
lutions per hour, after which the ‘‘dough”’ is removed and molded 
into cylindrical briquettes 25 mm. in diameter and 25 mm. high in a 


special briquette-forming machine, shown in figures 15, 16, and 17. 
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BRIQUETTE MACHINE. 
(For molding rock-dust specimens.) 


The hydraulic cylinder A supports an iron platform B through 
the piston rodC. The cylindrical metal die D provided with a closely 
fitting plug E supported by guide rods KK and containing the mate- 
rial to be compressed is placed upon the platform and water admitted 
to the cylinder through the supply pipe I. As the piston rises, the 
platform and die are carried up with it, and the plug of the latter 
comes in contact with a properly weighted lever arm G. The weight 
H is adjusted on the lever arm so as to give a maximum pressure of 
132 kilos per square centimeter on the compressed material, but this 


Fig. 15.—Cementing value briquette-forming apparatus. 


pressure is applied for only aninstant. The total time of compression 
up to the maximum is about 30 seconds. 

The electrical attachment shown is not used at present, as it has 
been found more satisfactory to operate the water supply by hand. 


PAGE IMPACT MACHINE FOR TESTING CEMENTING VALUE OF ROCKS. 


The motor A drives the cam E at the rate of 60 revolutions per 
minute, by means of a worm gear. The hammer G is raised by means 
of the adjustable pin F, which slides over the face of the cam. With 
the plunger H resting on the briquette I, the end of the pin F is 
brought in contact with the cam as indicated on the drawing (fig. 19), 
and the binding nut is tightened to hold the pin in position. The 
tise of the cam is such as to give an effective drop of one centimeter 
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Tig. 16.—Details of briquette machine. 
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_ tothehammer. The reaction of the briquette after each blow of the 
hammer produces a vertical movement in the end of thelever L. This 
motion is recorded on a sheet of silicated paper wrapped around the 
recording drum M, by means of a brass point at the end of the lever L. 
Each revolution of the cam produces a slight motion of the drum, 
so that the drum makes a complete revolution in 100 revolutions of 
the cam. The number of blows necessary to destroy the resilience 
of the briquette, so that no reaction is recorded on the drum, is taken 
to be the cementing value of the material. (See fig. 20.) 


ADDENDUM. 


On page 23, following last paragraph under the heading ‘‘ Briquette machine,’’ 


insert the following: 


Five briquettes are made from each test sample and allowed to 
dry 20 hours in air and 4 hours in a hot-air bath at 200° F. After - 
cooling 20 minutes in a desiccator, they are tested by impact in a 


machine especially designed for the purpose. 
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Fic. 17.—Details of briquette mold. 


SPECIFIC GRAVITY. 


The specific gravity of the rock for road materials is determined as 
follows: A small sample of rock weighing from 10 to 12 grams is 
weighed in air while held suspended from the balance by a fine silk 

_ thread. The specimen is then immersed in water and weighed imme- 
diately, but no account is taken of the small error due to the immersed 


portion of the thread. 


Calling Wa the weight in air (in grams), 
Ww the weight in water (in grams), 
Wa 
Then the specific gravity 7 WHE WC: 
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WEIGHT PER CUBIC FOOT. 


The weight of rock per cubic foot, 1f solid and not broken into 
fragments, is obtained by multiplying the specific gravity by the 
weight of a cubic foot of water, 62.37 pounds. 


ABSORPTION. 


The absorption is obtained from the same sample of stone that is 
used for the specific-gravity test. The sample is kept immersed for 
four days, during which time it attains constant weight. The ab- 
sorption is expressed in pounds per cubic foot. 


Fig. 18.—Page impact machine for testing cementing value. 


Let Wa =wt. of specimen in grams in air; 
Ww=wt. of specimenin grams in water just after immersion; and 
W'w=wt. of specimen in water after immersion for four days. 
Then the absorption in pounds per cubic foot equals— 
W'w— WwW veo on 
see X 62.97. 
Wa-— Ww 


TESTS OF THE OFFICE OF PUBLIC: ROADS. 


The previously described tests have since 1902 been conducted in 
the road-material laboratory, now of the Office of Public Roads and 
formerly in the Bureau of Chemistry of the United States Depart- 
ment of Agriculture. These results have been tabulated, and the 
table following (O. P. R. Form 28) gives the maximum and minimum 
values obtained on all rock samples tested up to January, 1912. 
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Fia. 19.—Details of Page impact machine for testing cementing value. 
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INTERPRETATION OF RESULTS OF TESTS ON ROCK SAMPLES. 


1. Hardness.—Rocks having a coefficient of hardness below 14 are 
called soft; from 14 to 17, medium; and above 17, hard. 

2. Toughness.—The results of the toughness test are interpreted 
so that rocks which run below 18 are called low; from 13 to 19, me- 
dium; and above 19, high. 

3. Resistance to wear.—In interpreting the results of this test, a 
French coefficient of wear below 8 is called low; from 8 to 13, medium; 
from 14 to 20, high; and above 20, very high. 

4. Cementing value.-—Cementing values below 10 are called low; 
from 10 to 25, fair; from 26 to 75, good; from 76 to 100, very good; 
and above 100, excellent. 

5. Absorption.—The absorption test is of value in judging the 
probable lasting qualities of the rock under the action of frost. The 
presence of frost in the stones is likely to be promotive of weakness 
or disintegration and, for this reason, is liable to cause rapid crumb- 
ling of the screenings and the wearing surface of the road. The 
higher the absorption the greater the effect of frost. In bituminous- 
bound work some observations seem to indicate that it is of advan- 
tage to use a rock of high absorption rather than one with low 
absorptive qualities, since the bituminous material is taken in by the 
porous rock and binds it together more efficiently than in the case of 
rocks of low absorption. The indications are that the cushioning 
effect of the bituminous binder renders the rock in a bituminous- 
bound road more resistant to wear than in a water-bound macadam, 
making it possible to use a softer rock than in water-bound con- 
struction when subjected to the same traffic conditions. 

It is manifestly impossible, because of the varying conditions of 
traffic and climate to which roads are subjected, to give rock samples 
a numerical grading of excellence from the results of laboratory 
investigation. Nevertheless a very accurate preliminary idea of 
their value for the purpose in hand may be obtained from a consid- 
eration of the laboratory results taken in conjunction with the prob- 
able traffic and climatic condition. 

The ideal rock for the construction of a macadam road is one which 
resists the wear of the traffic to which it is subjected to such an ex- 
tent as to supply just a sufficient amount of binding material to 
cement the road. If, after the road is constructed, the traffic is not 
sufficiently severe to wear off the requisite amount of binder to replace 
that carried away by wind and rain, the road ‘‘ravels.’?’ Should an 
excess amount of fine material be worn away, the road becomes muddy 
and dusty. In either case the rock was not suited for the road on 
which it was used. A softer rock should have been used in the first 
case and a harder, tougher rock in the last case. 
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a | 
In the case of a very lightly-traveled road or parkway, the best 
results could be obtained, not with a hard, tough rock, but with a 
softer material with a good cementing value. Under the conditions 
to which this type of road is ordinarily subjected, a hard tough rock 
would build a road likely to ravel because of the lack of binding mate- 
rial supplied by traffic, whereas if a softer material were used, suffi- 

cient binder would result from the wear produced by traffic. 

For the construction of heavily-traveled roads, a very hard, tough 
rock with good cementing value is necessary. 

The following facts should be taken into consideration before 
attempting to interpret the results of the laboratory tests on samples 
of rock intended for use in madacam-road construction, viz: 1. 
The character of its traffic to which the material is liable to be sub- 
jected, whether (a) automobile, or (0) horse-drawn—and if so, whether 
(1) heavy, (2) medium, or (8) hght. 2. The character of the material 
under examination, that is, (@) its name, and (b) its approximate » 
mineral composition and structure. 3. The behavior of material 
of a similar nature in actual service. A knowledge of these three 
points is essential to an intelligent interpretation of the laboratory 
tests In any specific instance. 

1. Character of traffic—The following discussion will apply only 
to materials which are to be subjected principally to horse-drawn 
traffic, as ordinary macadam roads have been found impracticable 
when much automobile traffic exists. For a discussion of the bitu- 
minous and other binders, which should be used in such cases, ref- 
erence may be had to other publications of this office.t | Assuming 
the traffic to be principally horse drawn, it is necessary to know 
whether it will be heavy, as in the vicinity of the large cities; medium, 
as on the principal country highways; or light, as on park or the less 
important country roads. It has been found by experience that 
certain rocks, such as the hard, tough traps, are no more suitable for 
use on park roads than are the softer limestones for the main arteries 
of a large city. | 

2. Character of materval.—It is of value to know the name and charac- — 
ter of the material under discussion in order that an intelligent com- 
parison may be made with similar materials in actual service. 

3. Behavior of similar rock in service—No matter how carefully 
conducted, it is impossible for laboratory tests to do more than ap- 
proximate the conditions of actual traffic. It would, therefore, be 
impossible to judge accurately the qualities of a road material from 
laboratory tests alone, unless supplemented by the experience ob- 
tained by observation of similar material in service. 


1 Office of Public Roads Bulletins 34 and 38; Circulars 47, 89, 90, 92, 94, 96 and 97; and Yearbook Separates 
448 and 538, 
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The various rock types commonly used in road construction will be 


considéred in order; 


the relation between the laboratory tests and the 


results obtained in practice as determined by observation will be 
shown and the particular class of traffic to which the rock is best 
Experience has shown that, in general, 
the following table of limiting values for laboratory tests may be 
used in determining a sample’s fitness for use on roads, if taken in 
connection with the conclusion drawn below under each heading. 


adapted will be indicated. 


TABLE 2.—Limiting values. 


Character of traffic. 


Results of tests. 


Per cent of 


——— Hardness. | Toughness. 
| 
ESLER 2 SR rs ie eee ee ree ea a 2.5 or less 18 or over...-- | 19 or over 
Medium Spe RR Re OE A OMAN NY ae hed ee Meer Ha A NG alone PPO aon aae ATOM Sasa | 14 to 19 
TE EAB es Sel es Sa a Pa 2 ae OT ce DikO So ae TO torts 5 8 to 14 


The cementing value should in general run above 25 for all classes 


of traffic, except in specific cases, as noted below. 


TRAP. 


The traps, including the usual varieties of diabase, basalt, andesite, 
etc., on account of their high resistance to wear, hardness, 


and toughness are particularly well adapted for roads subjected to 


heavy teaming. 


They also bind well on the road, provided the 


traffic is heavy enough to supply by wear enough fine material to 


replace that lost by natural causes. 


The low cementing value some- 


times found is apparently not borne out in practice, since these rocks 
bind well on the road. Otherwise, the laboratory tests SE to 


agree quite closely with the results in practice, and Table No. 2 


may 


therefore be applied quite rigidly to this class of material. 


LIMESTONE AND DOLOMITE. 


Low resistance to wear and a good binding value, which are the 
distinguishing characteristics of the limestones, are usually shown 


quite plainly from the results of laboratory tests. 


The results of 


laboratory tests may, therefore, be taken as a very fair indication 
of the probable behavior of the material in service, and Table No. 2 
may be applied with comparative closeness. 


GRANITES. 


Lack of toughness and binding power renders the granites, as a class, 
unfit for use in any but the foundation courses of macadam roads. 
The laboratory test will usually show these defects, except in the case 
of highly altered material, which will invariably show a good cement- 
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ing value in the laboratory. Experience has shown, however, that 
even such material should not be used for surfacing on account of the 
ease with which it disintegrates under traffic. 


SANDSTONES. 


The laboratory tests do not agree concerning sandstones as closely 
as they should with the results in practice. This is especially true 
in their wearing and binding qualities, for, although these tests 
quite frequently run high in the laboratory, it is undoubtedly true 
that, except in some instances, material of this nature is unsuitable 
for use except in the foundation courses. As a rule, therefore, it is 
necessary, in judging this material, only to determine whether it has 
sufficient strength to stand up under the roller. 


CHERT. 


Chert is a very hard material and usually shows good resistance to 
wear and rather low cementing value in the laboratory. It has been 
found, however, that it, in general, develops good binding qualities 
on the road. 


GNEISS, SCHIST, AND SLATE. 


Owing to their fohated structure, gneiss, schist, or slate should 
never be used in road construction when a better material is available. 


MARBLE AND QUARTZITE. 


Neither marble nor quartzite is of much value to the road builder 
for the wearing courses of macadam roads, the first on account of the 
crystalline structure and the second on account of its extreme hard- 
ness and lack of binding power. 


APPENDIX. 


The results of all of the physical tests made on rock samples in the 
Road Materials Testing Laboratory in the Department of Agricul- 
ture from the date of its installation in 1902 up to July 1, 1911, are 
included in Table 3, together with the results obtained by Mr. Logan 
Waller Page for the Massachusetts State Highway Commission 
previous to 1902. 

The rocks are classified according to their location, so that this 
table shows the availability and character of the materials, as far as 
they have been tested, throughout the United States. 

ol 
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PHYSICAL TESTING OF ROCK FOR ROAD BUILDING. 
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PHYSICAL TESTING OF ROCK FOR ROAD BUILDING. 
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PHYSICAL TESTING OF ROCK FOR ROAD BUILDING. 
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Table 4 shows the number of samples of material tested in the dif- 
ferent States. 
TABLE 4.—Geographical distribution of samples tested. 


Num- Num- Num- 
ber of ber of ber of 
State. sam- State. sam- State. sam- 
ples ples ples 

tested. tested. tested. 
Mlabamant nee ese eee 267i) Maine cece tone a ae eee 40 || Pennsylvania.........-- 416 
ATIZONG 222,22 shee ase eee 2] |SManylan daa eee eee 827) Rhode Tsland@asssses-e- 32 
Arkansashi a iaaeeeercace 11 || Massachusetts.........- 151 |} South Carolina.........- 19 
Californiazeeesseseeneeee O40 leMaichigane eee ae-so—eee ee 73 || South Dakota---2 secs. -- 8 
Coloradoszeesseee ee eeecee 22) | MUNTIESO LAS eeeee eee oe 13 || Dennessee:. 2: 228 ssee ces 27 
Connecticuteeees-ceeeeee 30m | MUSSISSip Dleneere eee eee Pall iad Wye 2 Woe a eee en Cees See 29 
Melawahesee seer ee Eee 28:| | SMissOUunIe.ceeea- ee eee 22 (| Utahic. 2 ee 12 
lord] ssae scenes oe ee Ga] Mo nite ase 4515 Viermont2 oss one eee 24 
Georgians a 5.4 janes Sees 24, ||SINebraskaese- nese ee 125 VAL EINI ae oe a eee 254 
NG an ON ee ete er tee 6 || New Hampshire.......- 145) |SWiashine tone. secesesese 205 
MIN OISSs ease eee ee GL) Newderseyseceee sees 660) Wiest AVareini asses: eee 99 
ANGiana sss 2\ ser once ace 128i) NIG WaNGOiie eee eee eee 100)||: WiaSCOnSin= eee 42 
TOW sess amen teriameine 4 || North Carolina.......... S7/ NAW OTR Tee eee ree 2h 
Kansas. as semen seen 133 Ohiow ea set seer eee 95 
Kentucky ae acnoceeaee LGH TOklahomaseeeeseeneeeee 37 Total 2 eee 2,453 
WiOUISIANaa- ene ee senses 2 SOreconeeee eee eee tee 11 


SYSTEM FOR RECEIVING ROCK SAMPLES AND RECORDING AND 
REPORTING ON RESULTS OF TESTS. 


Any citizen of the United States is entitled to the services of the 
Road Materials Testing Laboratory without charge, and below will 
be found directions for shipping rock samples, together with dupli- 
cates of the forms to be filled out to accompany the sample. Both 
directions and forms will be sent on the request of any person desiring 
to ship a sample. 

Form 6. : 
UNITED STATES DEPARTMENT OF AGRICULTURE, 


_ OrricE or PusBiic Roaps, 


WASHINGTON, D. C. 
DIvISsION oF TESTS. k 


INSTRUCTIONS FOR SELECTING AND SHIPPING SAMPLES, 


In order to have road materials tested in the laboratory of the Office of Public Roads, 
the instructions below must be carefully followed: 

1. All samples should be selected to represent as nearly as possible an average of the 
material, 

2. A sample of rock for laboratory tests must consist of stones which will pass through 
a 3-inch but not through an inch and a half ring—excepting one piece, which should 
meoasure, approximately, 4 by 6 inches on one face and be about 3 inches thick. The 
whole sample should weigh not less than 30 pounds. It is desired that samples of rock 
be shipped in burlap bags. 

3. A sample of gravel must weigh not less than 25 pounds, and should not contain 
stones over 1 inch in diameter. Such samples must be shipped in boxes, sufficiently 
tight to prevent the finer material from sifting out. 

4. A blank form and addressed tag envelope will be supplied by the office for each 
sample. The blank form must be filled and placed in the tag envelope, which must 
be used as the address for the sample. It is essential that the blank form be filled 
with the utmost care, as they are filed as records of the samples. 

5. The office desires to keep a record of the actual wear on roads built of the materials 
tested. If the material which this sample represents has been or is about to be used 
on roads, this office would desire to be informed of the addresses of those in charge of 
the construction and maintenance of such roads. 
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6. Samples must be shipped, freight or expressage PREPAID, and bills of lading or 
express receipts forwarded by mail to the Office of Public Roads, Department of Agri- 
culture, Washington, D. C. 
7. The office makes no charge for tests. 
LoGaN WALLER Pages, Director. 


Form 5. 
UnitED States DEPARTMENT OF AGRICULTURE, 
OFFICE oF PusLic Roaps. 


WASHINGTON, D. C. 
DIvIsion oF TESTS. 


iPheisample aboutito be shipped is from the State of::.2.--.2+.-....2.2--22!--- 
AROWAIROE: C1G Vs aes st ee oe er ge 


Do not write below this line. 


Date received 
TSNEAYES ORE TEMPTS ES PEM LE 2 ak ok NGC pear rt Pn Co ge Sm Ce OO 
Congilonscignamplenmerrrrets oh sat yk oe oe oe ee hc sata Soe ate Ne Sess Us 
Remarks 


Samiple Noss 2c os cesarean 


a 


The rock sample, upon receipt in the laboratory, is given a serial 
number, its receipt acknowledged, and the tests are conducted in the 
laboratory with no knowledge on the part of the laboratory assist- 
ants of the name of the sender or the locality from which it was 
received. 

The following forms are used in recording the information in con- 
nection with the sample and the results of the tests. All of the 
original calculations are made in the blank spaces provided on the 
cards and are checked up before entering the results on the final 


general card: 
Form No. 72. 
SEE TEIN Ce Ok Sees ee oes 


HARDNESS TEST. 


TOUGHNESS TEST. 


Mossin 1 000 reve. S222.) 2... 5. 


Hardness 


CO Se es 


COC ee se os 


DEW BIEDE TE ERS 5 sn Se aS Ee a a apenas re en el ee EC Gh Oe 


Av. hardness 


Avy. toughness 


Checkedh byes cotati sts Parra ae eres ats 
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eee. Form No. 73. 

oi de is ee Reeds seemScs = A 

ABRASION TEST. Made byes Se eee Date 


Per cenitiof Wealcecstse oot oe ee Fr. coeff. wear....-. 4. See T. .ok eee ae 


Computed by dence a sene ost s e  Se CGherked-bwat..c2 5: ssa es Ree 5 Se aes 


SerialuNoves 3524 cee Nc cee 
SPECIFIC GRAVITY TEST. Made bec * 5. ona Date 


Wi miniayater eee oer Pe Pet as) | 2 Sapaess Sa 


NVOSSHTMAWelE Gas tins tc cicee eee oes eae te eerie sce 


SP Stavaly ene see == — SPSS [Hees ae hese a ee ecw 


ABSORPTION TEST. 


Wrtsatter:96 hrs’. ..=.-c.-)o:.-clboc. Spears tet ae aan 
Thaihietionbes: APer Paes ore ee eRe Pees oe 


GQampsiniwitise sc sos 4-s5c oe aot een oe classes 


DAG av OTN eo ats a pee ee of Perce reel | 
Specific pravitty...-:..25......-5.-; We perieus fi). See ee Absorption: .\.c2 5. Se 
(Campo iat Ohigandcnctansesonenoteseoecuosatcescres Checked by..-...: 2... 4.42226. 52-42 2p e=eee eee 


At request Of. 2. 2.202 cio .3 itn ae oe ins oe oe eles ts i 

Identification marks... 2-2 fa.scneet aes Se cee e ~ oe es = oie 
SPOT Awe ote Wits. per eu. cfb. 2 see ee ABS 5 ito Date: 2.2 Soe 
Per cent, Weak: 2. 3546 5 BPR COGN es ctmnics Date.....0.<sae0540— ee 
Hardness --;.=--i=.- Date ¢ sf sase oe Toughness. .-\.<.- 5: Date .....555<seee 
Cementine valle? c.2 enh ee eee eet min, Date:..-<--. 23) eee 

Chemical, petrographical, anal.............-.-.- Reported—Date........... 

Remarks: 


The final report on a rock’sample, including both the physical and 
mineral analyses, is made on the following forms, with remarks ap- 
pended giving an opinion regarding the suitability of the sample for 
the use intended. 


- 


, 
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Form 20. | ae 
Unirep States DEPARTMENT OF AGRICULTURE, 
OFFICE OF Pusiic Roaps. 


WasHINGTON, D. C. 
Division oF TESTS. 


Report on sample No. .......-.-. Of read maternal frome se 

iid ceapatine Remsinen ini: 85 oS... Ja ee ee ere us Wet a sont oe aa res ae 

Material... 3.52 : iale ck ees Rae shee So pase (ese Oa RU oa 

DETERMINATIONS. 

SCO Mee EON AL ese ee hd 2a hr Ee Re a ie PON Cte Se es eS os i 
Weight per cubic foot.............-.- eae So ees DOUG. 
Water absorbed per cubic foot.....-.... eer eyes Uy ee UTS 
erpeentiemiwealnen statment: oes eT Meee a ee ete Ses ate 
Hrenehseoeticiemtiolwearss soos 5 6 yl SORES Ge. AU Cee 
HTT SS Ee eye re ne. Ln Ie aes ge EN SE Soa ent AE PERS ae kA Ah 
‘TINCT OT OV SSIS) A Sc im oe ea Mn eC aa tee 
WMS MNG IT OVNI eras ace BS 2 2 5 Sea ae ty a a oe rag Se ey a 


Maximum, minimum, and average results on all rock species tested up to date in- 
dicated are given in the accompanying table. 
1 BY SUTTER (IS. = cpesl cae ame a Slane Pe Mehl PAR ee ci um cags ee 


Respectfully, - 
——— ———., Director. 


Form 21. : 
UNITED STATES DEPARTMENT OF AGRICULTURE, 


OFFICE OF PuBLIC Roaps, 


WASHINGTON, D. C. 
DIviIsion oF TESTS. 


Mineral analysis of sample No. ../....... CO AY Ol ah Hs ee a ei SOR Steer 5 
Made at the request of...... Bee TE AC ee Ra ae Rea ee enn % 
Wharaicter, of matenial =. 22... 2-25... ING ies einer cra ce te aU ey ed At ee 


ESSENTIAL MINERALS. 
Name. Composition. Per cent. 


Sitieta te aie hove leletiela= ial aiehelel eum ad=.o o/s a) sa =< « © =) 8 ©.0 ees © os a0 «== 2 «(2 = © © 2 ceis we epepscclaig 9) gic ele a) vale 


ACCESSORY MINERALS. 
Name. Composition. 


SECONDARY MINERALS. 


Name. oe Composition. 
Motalliy-e ck 5 Staest. = were ee cee tee earn ete ties 
Remarks: 
Respectfully, 
—____ ———., Director. 
re eee , 191 | 


A copy of Table 1 (see p. 26), showing the maximum and mini- 
mum results of the tests on rock samples, including a key to the 
interpretation of the tests, is always included with each report. 
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The method of making the mineral analysis of a rock sample with — 
its relation to the physical tests is described in Bulletin No. 37, Office — 
of Public Roads, United States Department of Agriculture, on the 
' Examination and Classification of Rocks for Road Building, by Edwin 
C. E. Lord. 


EQUIPMENT OF A ROAD-MATERIAL TESTING LABORATORY. | 


The following list of apparatus should prove of service to those 
contemplating the equipment of a routine road-material testing labo- 
ratory. Three assistants and one engineer have tested as high as 36 
samples per week with this apparatus and no trouble should be ex- 
perienced in maintaining an average of 24 samples per week. 


1 Deval abrasion machine having 4 cylinders. 

1 impact testing machine for toughness test. 

1 Dorry hardness testing machine. 

1 cementing-value impact testing machine. 

2 ball mills. 

1 cementing-value briquette-forming machine and mold. 

1 diamond core drill. 

1 diamond saw. 

2 grinding laps. 

1 small jaw crusher. 

1 small disk grinder. 

1 large drying oven. 

1 platform scales (500 pounds—}{ pound). 

1 scale (5 kilograms—+4 gram). 

1 chemical balance (100 grams—0.01 gram). 

1 desiccator for cooling cementing-value briquettes. 

1 dozen 3-quart enameled pans for holding rock samples before and after the abrasion 
test. 

1 dozen 1-pint Mason jars. 

1 each of the following graduates: 100, 500, and 1,000 ce. 

1 200-cubic centimeter beaker for specific gravity. 

1 thermometer for oven. 

1 room thermometer. 

1 15-inch sieve, No. 40 mesh. 

1 15-inch sieve, -’s-inch mesh. 

1 set of sieves for mechanical analysis, including the following sizes: 14 inch, 14 
inch, 1 inch, ? inch, 4 inch, } inch, $ inch, 10, 20, 30, 40, 50, 80, 100, and 200. 

100 sample bags (burlap), 17 inches square when empty. 

500 blank tags. 

1 50-pound anvil. 

1 10-pound sledge. 

1 3-pound double-face stone hammer. 

1 14-pound single-face stone hammer. 

1 6-inch scoop. 

1 barrel of quartz sand between No. 30 and No. 40 sieves. 

1 50-pound bale of waste. 

1 galvanized-iron waste can. 

1 oil can and motor oil. 

6 sink scrub brushes. 

1 cubic foot measure. 

1 4-cubic foot measure. 


Poe ee ees 


